Abstract. This paper represents an attempt to show how computation might be improved and reorganized to deal better with the imperatives of the planning profession and to improve its organizational setting, I will first sketch three underlying sets of circumstances: the state of urban development, focussing mainly on the USA; the structure and imperatives of planning capable of dealing with these conditions; and some organizational factors which generally stand in the way of such planning, The key to this part of the discussion is the identification of three major activities in planning: analysis or modeling, invention or design, and guiding public participation. I will then describe the hypothetical functioning of a well-tempered planning program, showing the critical importance of computing in relation to the three major planning activities; then with a generalized examination of the computing issues I arrive at an optimistic evaluation of the possible achievement of this program.
Introduction
In this paper I attempt to relate the structure and goals of urban planning to the activities and procedures which might achieve its goals. In doing this I examine some of the institutional factors which provide both aids and obstacles to improved planning. I describe an ideal (and of course hypothetical) type of sketch planning which might greatly assist in resolving problems and improving planning.
The structure of the paper has been greatly influenced by past work and by suggestions regarding an earlier draft, which I have tried to accommodate. There may seem to be a disproportionate emphasis on computation, which is in a sense only one of three aspects of planning which I consider of major importance. But even putting aside my own computational experience and the nature of the conference for which the paper was prepared, I believe that computation in the setting of an information-rich culture holds the key to changing many planning practices and solving many procedural difficulties.
As many of the views in this paper are both idiosyncratic and speculative, it is difficult to provide adequate references to knowledge going beyond that widely shared by the conference participants and some readers; I have thus tried to provide a short set of references to the main themes. My comments are also highly condensed. Much of what I say will seem dogmatic and opinionated-as indeed it may be. But if I succeed in opening a discourse on these topics, I will be more than happy to engage in a detailed discussion of significant differences and their basis in fact or fancy.
The plan of the paper is as follows. In the next section I outline the urban situation and some of its requirements. Following that I outline a tripartite planning process whose needs I address in subsequent discussion. I next take up some of the institutional factors affecting the execution of these three parts of planning. Finally I discuss a proposal for a general method of planning, addressing all three sets of issues, and elaborate its computational requirements.
iThis is a lightly edited version of a paper presented at the Conference on Computing in Urban Planning and Urban Management, Mumbai, December 1997
Urbanism and planning
Urban centers are compact areas of human habitation. They are growing in size and measurable complexity. At the same time, many societies cannot or will not mobilize resources to deal with their problems in good time. Aside from this shortfall, there are many difficulties which impede the necessary exercise of planning foresight.
Characteristically, the goals pursued in the process of urban development are extremely varied. Much decisionmaking is undertaken by households and organized groups and is only partially regulated by the public. There are many interacting events, most of which impinge on other events, ultimately propagating their influence over space, time, and function. Decisions which are taken with regard to the built environment, as well as with regard to the health, education, and welfare of the population, have effects of very long duration-fifty or a hundred years or more. There is a public interest in amenity, environmental preservation, general health and welfare, and the interests of future generations which is not adequately pursued by private actions, especially as these conflict in their objectives.
Addressing these and many other issues and their concrete manifestations raises a genuinely puzzling problem. Throwing money or information or both at difficulties does not seem to solve them. The intrinsically complex nature of urban function mandates a holistic view, but this is not a general feature of political ideology even though it is a pragmatically demonstrated necessity. Reliance on individual initiatives is not adequate for reaching these goals and mastering their complex manifestations, while the traditional master-planning approach is too rigid and perhaps too simplistic to meet the need. Plans and planners are often lacking in imaginative or unconventional approaches to these problems, and the results seem to embody less knowledge than is available for informing decisionmaking.
Perhaps a measure of the extent of the problem is found in the fact that even a simple optimizing approach to the design of some urban systems will in very many instances fail-in large measure because finding the optimum solution might require millions of years of computer operation. We need to examine how humans and their organizations might be positioned to do better.
The tripartite nature of planning
Planning, like most other professions, mobilizes a broad spectrum of skills. It prescribes a course of action which usually embodies many coordinated measures, or offers a menu of such sets of measures. It serves a client, and one or more subsets of the public, indeed various publics. In some sense it may be asked or be tempted to represent some type of general public interest. In pursuing all of these activities, any profession including planning is obliged to assert or imply that its prescriptions will have a result which is in some sense superior to those flowing from other possible recommendations.
The fact that planning calls on many different skills suggests the possibility that each of these skills could be posited as the center of planning. Then there would seem to be as many theories of planning as there are types of skilled professionals. This bizarre outcome can be avoided only if we can envisage how these skills work together and if the practitioners of different skills give up the Ptolemaic idea that their own skill is the center of the planetary system-or the Copernican idea that it is the sun.
In order to give practical effect to these broad ideas of professional responsibility, I distinguish three major professional activities in planning: analysis or the deployment of knowledge, design or the activity of invention, and the management of public participation or the engagement of planning with its clients and publics. These activities are to my mind central and critically important, and most other activities seem to form parts of them. This conception is open to debate and may be taken as a basis for discussion and further exploration.
Analysis requires knowledge, and knowledge of the urban system should be structured in a way that makes it possible to draw conclusions about cause and effect-and thus to predict the probable impact of plans. Information is an important foundation for knowledge but is not knowledge in itself. Information systems do not contain a broad spectrum of knowledge because they do not connect one part of the information with another in a causal sense; the only connections refer to the locality and juxtaposition of facts, entities, events, and conditions. Analysis (or the deployment of knowledge) draws heavily on many social sciences such as economics, sociology, geography, and political science. But it also draws on other professions such as architecture, engineering, epidemiology, and ecological planning. Much of its information may be drawn from professional practice, such as transportation surveys and planning administrative records. A major object of attention is the response of individuals and organizations to changed conditions and to regulation, and much of the interpretation of these responses is undertaken by planners rather than social scientists. Responses arc usually related to the location and interaction of people and activities in both social and geographic space.
Design and invention arc the ways in which plans are generated, judged indeed on the structured knowledge of how they will perform. Good plans, however, can rarely be generated by mechanical means such as formal optimization, largely because urban arrangements can take many different patterns which cannot be transformed into one another by smooth development, but which are roughly of equal merit. Competing plans of this type are called in optimizing theory local optima'--and the impossibility of exploring all local optima is the reason why complete optimization often fails.
The burden of design is to find good plans beyond the capability of automated systems. The task may be lightened by some knowledge of subsystems which permits an economic 'market clearing' analysis. Such a model of housing choice or the location of retail trade relieves the designer of much detailed work, points to directions in which improvements might be made, and provides indications about needed zoning regulations and other planned actions. Unfortunately, such a process does not relieve the designer of the need to consider the impacts and interactions of many large-scale decisions such as the location of major public facilities or the building of important transportation links.
Finding a good plan may fall into the class of what have been called 'wicked problems', in which the problem cannot even be specified until the solution is found. This suggests a way of understanding the difficulty of design, but at the same time suggests that finding a method of design, or a method of problem-solving, is another wicked problem. Indeed, further consideration also suggests that there may be no supportable general method of design. Design in its inventive role has nearly as many different styles and procedures as there are practitioners and, if it could be fully specified, it would lose its spontaneity and distinctive originality. In this case it would cease to be design. In suggesting the improvement of this aspect of planning we could be faced with the problem of specifying the unspecifiable.
The role of public participation has several sources. It is in part a reflection of the professionalism of planning, because the professional has a commitment to his or her client. It is in part owing to the public nature of most urban planning, which entails a commitment beyond that to the client-to a broader public, to other jurisdictions, to the public interest, and to future generations. More particularly, the client, the public or publics, and society in general are the source of interests and objectives which shape the formulation and evaluation of plans, and the planner is concerned to identify and reconcile or coordinate those interests. What I want particularly to stress here, however, is the cluster of contributions which public participation can make to the improvement of planning by going beyond the usual identification and defence of group interests.
Innes and others have shown that public groups with diverse interests can focus on most of the activities of planning which I have discussed, and understand important urban social and ecological forces and their representation in models or tools of analysis. This kind of public application to planning and problem-solving has two (possibly unexpected) results. First, working together to analyze and solve problems often has the effect of reducing rather than exacerbating value conflicts; and second, citizens who are far from being trained planners, geographers, or economists can contribute directly to the knowledge and invention needed for planning.
I thus consider the role of the public in planning to be one which helps to define and reconcile values, contributes new information about urban conditions, provides new knowledge about relationships and thus about the consequences of planned actions, and augments the imagination needed to invent new measures for public action and to orchestrate such actions in planned innovation. Except for the first, most of these contributions may seem to invade the realm of planners' professional competence. Thus expanded public participation which opens up real new roles is an objective requiring major thought and attention.
Institutional needs and difficulties
Professional planning in general does not fulfill the objectives sketched here and an examination of the reasons for this will help clarify the measures needed to move in this direction.
The use of systematic models to bring knowledge to bear on assessing the probable outcomes of planned actions is not a general practice in planning, outside of transportation planning. There are many causes adduced for this neglect, some realistic and some spurious.
The argument that models are 'data hungry' has been refuted by the fascination of planners with GIS. This implicitly recognizes that very large amounts of data are useful and perhaps required in planning, regardless of the instruments used to apply them. Planners simply need to know what they are dealing with. The recognition that GIS by itself is not adequate for all planning needs indicates a growing recognition that knowledge lies a long step beyond data.
This realization in turn seems to indicate a weakening of the contention that models are too complex. Most planners recognize that cities are large, diverse, complicated, and, well, complex. Indeed there is a paradoxical contention that models are too complex but that because they must abstract from reality they do not capture everything of importance in planning. It is our suspicion that collaborative work (insofar as it is widely used) and planners' mental models are currently no more able completely to cope with the complexity of urban affairs than are computer models, and that all must operate together.
But there are important truths in the reluctance of the profession to embrace models. Models are weak at the scale of urban design and community development. They tend to overlook marginal problems even when these move to center stage: accommodations and services for the elderly, single-parent households, two or more adult workers in households-these and many other changes in lifestyle are not adequately captured. An exceptional case may be the rising interest in environmental protection and environmental modeling, which are recognized as at least paralleling land and transport planning. Even planners who recognize these problems have fumbled with ways to attack them and have not offered levels of knowledge which could be incorporated in models, let alone collaborated with model builders. Academic investigators are not without blame: the focus on self-contained studies, the division of urban affairs among various disciplines which precludes unified treatment, and occasional scorn for applications all of these weaken the assembly of relevant knowledge in usable form.
The modeling community itself has far from corrected all of its shortcomings. Models which analyze a single large change in land use or transportation, or a group of such changes, often take many hours of computer time. Reliable, usable, off-the-shelf software and support for its use have not been made available. In contrast, large-scale transportation modeling is supported by several very able software producers: the product has been largely standardized through research in theory and practice, the users are often trained engineers who are accustomed to computer use, and the agencies have continuity and solid funding because they have unified jurisdiction over large areas and are seen to be supervising a costly but essential public service. Standards are established partly by consensus and enforced through Federal funding processes. GIS has followed a different route to a respectable but less complete software regime. The concepts and the products are much simpler than transportation analysis, and the systems are oriented to a large and diverse spread of different types of users and uses. As a consequence, the number of software providers is smaller, most customers need training in software use, and there is no developed pattern of standards for data requirements or for necessary or desirable functionality.
Software for modeling land use in urban development and planning is even more restricted in scope. It has been developed by bootstrapping on the part of a very few providers and has a poor image among planners, partly for reasons discussed above. It must be recognized that developing an accepted and widely distributed model has advantages and disadvantages. Interactions between providers and users could lead to product improvement and possibly to a breakdown of the 4 us-and-them' divisive antagonism which has developed. But an established product with accepted standards is very difficult to change and becomes inflexible and not responsive to new ideas. This inflexibility has damaged transportation analysis and in a somewhat similar way has restricted the scope of GIS.
Developments over the past two decades have seen a substantial growth in the scientific understanding of cities as embodied in models and a remarkable convergence in underlying styles based on diverse assumptions-notably 'gravity models' in contrast with economic models describing behaviors and markets in land and labor, as affected by the locational demands for housing, trade and services, and manufacturing. (Transport planning has long modeled a pseudo-market in transport services, with a gravity model of behavior.) Enormous advances in computer technology have made possible a revolution in the size and scope of urban models but their modest success has been riding on the coattails of a much larger market for computation in business, science, and technology. It is time for urban modelers to take a more active role in the direction of their own craft.
Design and invention in planning is in many ways the heart of the profession's competence-but it is a competency which is ill defined and not well understood. What we will have to say will not resolve these problems of definition and understanding but will perhaps offer some directions for further exploration.
Design is the assembly of a number of elements to compose a totality which will satisfy the pursuit of some goals. At the same time some of the elements may be designed or invented. Not all of the elements or designs are necessarily physical. Federal mortgage guarantees, health delivery organizations, environmental regulations, and taxes are all nonphysical inventions impacting urban planning. A housing policy or a transportation policy is a mixture of physical and nonphysical components.
In designing plans or problem solutions the planner has several constraints. The planner must in the first instance elicit clear formulations of the goals being pursued in planning, and track the modification of these goals through the cumulative effects of public experience in life and in the process of planning or policy formation. In trying to meet such goals it is essential to determine insofar as possible the consequences of actions and to evaluate their impacts on goals. In order to avoid unintended consequences which might vitiate these benefits it is necessary to take a comprehensive view of plans and their environment. The implicit obligation to provide a good plan, which is better than any other readily found, suggests the necessity not only to understand the nature of 'goodness' in plans, but to examine a suitable variety of plans to examine their performance and the trade-offs among desiderata.
These qualities in the planning process are neglected as often as they are pursued. The consequences of plans are often evaluated on assumptions or opinions about how they will or ought to work, rather than on a thorough analysis. Benefit-cost analyses may be undertaken but mainly in relation to projects rather than plans, with effects estimated over a short time and across a limited functional or geographic scope. Judgments about means are often substituted for the evaluation of actual efFects-the planner may feel that a given density level, style of development, location of shopping facilities is 'good' without further examination in the context of other decisions and other objectives. This is especially difficult when it arises at a high level of plan-making so as to preclude the consideration of alternatives. (This is the other side of the mistake which evaluates the ends of the planning process, without taking into account the intrinsic nature of the means. Redevelopment might remove blight, but at the cost of intervening desolation and delay; high densities might increase efficiency, but be oppressive and ugly.)
The nature of the mechanisms by which planning styles can be changed depends on developing an outline of sketch-planning methods in the next section. We may anticipate the desirability of rapid and easily used methods, rich in content but requiring only a restricted set of planning inputs.
Public participation in planning has to be transformed from confrontation to collaboration. The process will be defective so long as politicians believe that they have an exclusive writ to represent the needs of the public, so long as planners believe that they have the exclusive prerogative of studying and understanding the city and deciding what should be done with it, or of presenting plans to the public and interpreting their reactions, or so long as the public believes that it is being disregarded or mistreated, and in each case feels that the only way to defend particular interests is through intransigent dispute with other interests and with planning bodies.
Members of the public participating in the development of plans should have a continuing interest and a commitment to engage in a serious effort to understand the facts, relationships, and issues involved-but this does not imply a commitment to agree, which comes at the end of the process if at all. Planners, officials, and politicians must regard dedicated public participants as apprentices or interns, and concede them the dignity and credibility which comes from experience if not initially from professionallevel knowledge about planning and urban function. The planners would have to impart such knowledge and induce its acquisition. Conversely, public groups should aim for continuity of participation and make a commitment to a reciprocal process of learning and studying with their peers from planning organizations.
This orientation implies that the public will have direct access to the information, models, maps, plans, and computing methods available to the planners. It will probably also imply that there will be planning experts on the staffs of large public organizations, and planning advocacy consultants prepared to work in support of constructive participation, or opposition where that is unavoidable. Sketch planum j » in support of these objectives A process meeting many of the above requirements, and helping to induce a change in planning and its public support, will be a demanding one. It will be approached by an evocation of the kind of planning style, attitudes, and skills which should permeate the effort, followed by a sketch of the tools required to support and encourage them. The possibility of achieving a needed level of speed and accuracy in computation is examined.
A planning office needs a large information base which encompasses the geography of the region, the stale of its physical features, its built artifacts and their state, its occupants and their functional characteristics, and its cultural, political, and legal history and situation. It needs a knowledge of possible planned actions, an understanding of the consequences of sets of these actions, and a capacity to evaluate the relation o\' these results on the goals oi' planning goals which must be loosely formulated and which must be expected to evolve in the course of planning and public discussion. There must be a good definition of the broad methods of plan development, which involves finding, improving, and rejecting or retaining alternatives. In this activity, a rough working knowledge of formal optimizing techniques should be accessible. The effort to find 'better' plans is a form not of optimizing but of optimum-seeking, and its structure should be informed by the wide experience and knowledge gained in the parallel field of problem-solving and circumscribed plan-making by optimization.
The style in which this information, knowledge, and skill could be deployed will vary widely but it should contain several important features. Some of these features often diverge from prevalent practice and putting them into effect will involve changes. In essaying these changes, the planner must hold firm to the conviction that he or she is a professional by nature, training, and commitment, and an employee only by institutional accident; he or she should aspire at least to the professional freedom of a physician in an HMO (health maintenance organization in the USA). Of course this optimistic aspiration will be tempered by a certain expediency. At some remove the planner may be able to introduce measures which will facilitate progress in the right direction, and by reference to conferences and publication point out the effect of changed modes of operation.
This style of planning involves an increase in flexibility, a higher tolerance for innovation and exploring alternatives, and a more rapidly reactive and interactive pattern of work. Specialization is necessary within the range of skills outlined above but its disadvantages can be moderated by teamwork at a certain level, which would be fostered by an ability to address the same database and the same models. The generating of alternatives is probably the biggest sticking point; everybody talks about it but nobody does anything about it. There are good reasons: developing alternative plans is difficult and has been tedious, and evaluating them is stressful. Discussing them in public is difficult and confusing. Politicians dislike them, planning directors distrust them, and some planners do not believe in them. To provide a way of dealing with them requires some form of sketch planning which is fast, easy, and productive. I discuss this below and refer you to Hopkins's (1998) paper. In this style we can then readily imagine a process of sketch planning involving planners and their publics.
Within the planning agency, a system of sketch planning should encourage collaboration in the exploration of new ideas and planned alternatives in various combinations. Given the arduous effort currently involved in making a single plan, it is necessary to provide a new system in which major changes to a planned course of action can readily be entered, and elaborated in a way which will permit evaluating their impacts. This system should use an improved GIS to mobilize information and display results but an intervening computation should relieve the planning team of much detailed effort.
In addition to relieving effort, such a system should be speedy enough not to interrupt the flow of work and dissipate the momentum acquired in interactive situations such as public discussion or innovative staff work.
The participation of the public should be facilitated in the same way. In, say, a public meeting or a collaborative workshop, most questions and proposals should be examined by this sketch-planning system, and responses should be provided in minutes rather than hours or days. The sense of contact with the real world and the forward movement of discourse should not be interrupted by waiting the better part of a day to retrieve an imperfect evaluation of a single proposal. Outside of the planning process and meetings of this type, some of the larger and more concerned companies (including developers), citizen groups, and organizations should themselves be able to work in the same style as planning officials and staff.
There is essentially no problem in using existing models to address many of these questions. Such models of specific functions like housing and trade tend in the direction of a market equilibrium. This equilibrium locates space users and allocates space to any desired level of detail, which is paid for in computational effort. The result optimizes the locational pattern of the specific function, given the location of all other functions. An economic model should contain a discrete-choice procedure, which is essentially the same as the predecessor gravity models. Discrete choice confers more realism while keeping the power of economic analysis to provide measures of consumer and producer surpluses (possibly negative). These help to evaluate the overall plan and provide indications for improvement.
In this context, the planner or public user of the system plays the role of coordinating major decisions and testing major innovations to the plan. No attention need be given to small-scale details, although many of them are output by the models. However, small-scale decisions can be included in the inputs, even to the extent of inputting an entire detailed plan. The output of localized costs and benefits, and of impacts on large classes of uses and activities, will give indications of possible difficulties with the plan. These in turn may indicate possible directions of improvement.
At this point we need to examine the extent to which under present circumstances we can provide computational means which will have the necessary speed, detail, and accuracy. To an extent accuracy depends on increased detail, which may be limited by the information available for input. Another road to improved results should be the revision of relationships and thus of the model itself; ultimately this should be possible within a fully developed system, but we do not discuss it here. Our main focus is on the achievable levels of speed, and the trade-off of speed against detail.
In order to illustrate how we might think about this general problem in more concrete terms, I will take as a reference point an instance of the transportation problem of Linear Programming with about one million entries-say 32 x 30000 cells. Prototypes of a program solving this problem have been run on a 486 machine at 66 MHz, with excellent results. Machine speeds of 300 MHz are available at the current writing, and levels of 1000 MHz (or one gigahertz) will be reached in the near future. In the analysis which follows I have rounded the estimates up slightly, but more importantly I have made a fairly generous allowance for the number of iterations required. Net of input and output, this problem could be solved in about two and a half seconds, and this is the basis for the following estimates. I leave input and output entirely out of account, assuming that the equipment used will have ample random access memory to maintain the accessibility of inputs, intermediate results, and final outputs. Presentation of these results in map and chart form might be done off-line by another computer, but the amount of data transmitted for this purpose could be very much smaller than the complete results.
In the period since the original of this paper was prepared, there have been some indications that the following estimates are both overoptimistic and underoptimistic. The present state of the art of transport modeling presents some obstacles to achieving the times anticipated, and needed changes appear to be temporarily worsening this situation; for this reason simplified networks with fewer /ones, nodes, and links may be required for some purposes. On the other hand, some recent experience with landuse models suggests that our time estimates are too high. I will leave the original presentation substantially unchanged as an illustration o( possibilities and provide a more thorough analysis at a later date.
The computational estimates are made for the use of a complete model with 1 million cells, for example, 250 /ones of origin and destination, with 62 500 interchanges, made by four strata of households locating in four housing types. We consider four models being run together, for housing choice, trade and services location, manufacturing location, and transportation, all of which are expected to require about the same amount of computation. The estimates are developed as follows. Note that, in running the models for shorter time-steps, we reduce the number of overall iterations in which an effort is made to equilibrate them jointly The model results then are always in some disequilibrium, with subsequent lagged adjustments in later years. This mode of operation is implicit in our later discussion of parallel processing. Let us now consider briefly how the performance of this system of models might be still further improved. It should be understood that the estimates are influenced by three factors. Machine time and careful programming have already been taken largely into account but the organization of the data, the models, and the iterations are subject to change, and a few of the possibilities are discussed here.
Reducing the number of zones to 100 could reduce the running time for all models for one period to about 10 seconds, or for the whole suite of models for twenty years to about 150 seconds. Alternatively, the saving in time could be devoted at least in part to increasing the number of types of actors and facilities by further disaggregation.
Lengthening the period of each projection could gain some running time by covering a longer period with less work, but part of the gain would be devoted to more iterations. Choices in this area involve considerations of modeling objectives which are outside the scope of this paper.
There is always a possibility that programming could be improved and machine speeds still further increased. Comparisons here are based on thoroughly researched and optimized codes for a few specific problems, so that not much gain can be expected in this direction. There would be a gain in speed by putting a system of this kind on a workstation rather than a PC, but these speeds are converging. By year 2000, when systems of this type might be widely available, PC speeds will almost certainly be in excess of the assumed speed of 1000 MHz used for these estimates.
One important possibility has not been discussed: parallel processing. This can take several forms. Using multiple processors in a single machine to deal with the parts of every model which is, or could be, strictly parallelizable is attractive but has drawbacks. Programming in this mode is much more difficult than for a single processor, and under some conditions latency (or delays in communication) becomes disruptive. However, it may be possible to run all four models listed simultaneously on different machines which are networked together, possibly with a server to store and provide data. This approach would reduce total time to that required by the longest-running program, perhaps a third of normal. This approach requires that we abandon strictly simultaneous interaction, replacing it perhaps with short-time periods of projection (say one year) which in themselves require fewer iterations. None of these steps are considered here in our principal estimate.
Putting all this together, by aggregating zones and using still faster machines, we would probably reduce running time to less than 25 seconds per cycle of simulation, and with mega-iterations, or about 150 seconds for a 20-year quasidynamic projection. Parallel computing could reduce this to about 50 seconds. Still further reductions could be made for sketch planning with higher levels of aggregation, whereas for smaller communities models would be smaller and susceptible of very fast operation.
I should mention the fact that many aspects of data preparation, the projection of aggregates, and simulating behavioral adaptations between iterations (such as land release and building construction or conversion) does not require dealing with the square of the number of zones or areal elements. These time requirements are relatively trivial and are not discussed here.
Conclusion
This somewhat speculative review of computational requirements suggests the part of planning which requires extensive data preparation be separated from the simulation of urban function and made continuous through an institutionalized GIS. Building on this base, we could even use large-scale models to examine the probable outcomes of many plans, each examination taking a matter of minutes. This possibility could result in drastically altering planning within agencies and change the nature of public participation in the planning process. The build-up of databases within agencies, and feedback from an increased number of users would lead to further substantial increases in the quality of work, and new algorithms and greatly increased machine speeds would reduce the time required for any particular level of work.
